• The rate of complications was studied following measurements of regional cerebral blood flow (rCBF) with the intra-arterial 133 Xenon technique. The investigation was based upon reports of rCBF measurements in close to 4,000 patients, carried out at 18 European and American centers. Two fatalities were reported. The overall rate of complication was found to be 1.3% with permanent neurological sequelae in 0.2%. Almost all complications were reported in patients with arterial or intracranial disease. The complication rates found are equal to, or lower than, corresponding rates following cerebral angiography with carotid puncture. Based upon the experiences reported, some factors are enumerated which appear important in order to keep the rate of complication low.
Introduction
• The intra-arterial 133 Xenon injection method for measurements of regional cerebral blood flow (rCBF) in man 1 
"
4 has come into wide use in recent years. 6 " 7 Since this technique requires isotope injection into the internal carotid artery in order to attain selective labeling of the hemisphere to be studied, the method carries an inherent risk of causing cerebral circulatory disturbances.
This report is based upon an inquiry as to cerebral complications encountered with the 133 Xenon technique at 18 centers in 12 countries where rCBF measurements are performed routinely. Our report has been submitted to the contributors before its publication and they have accepted our form of presentation as well as the main conclusions drawn.
It will be shown that the cerebral complication rate with the 133 Xenon technique in almost 4,000 cases reviewed was only 1.3% (0.2% for permanent sequelae), a low figure which is similar to, or lower than, corresponding complication rates reported from several larger series of carotid angiography in which comparative techniques of carotid artery puncture were used. Table 1 shows the origin of the data of the present survey. There were 18 centers which replied to our inquiry (one abstained), and altogether about 3,900 rCBF studies were included. It is seen also in table 1 that the largest number of studies, i.e., more than 400, were reported from Copenhagen, Denmark; Lund and Stockholm, Sweden; and Vienna, Austria. (From Copenhagen only studies since 1967 are reported, since at that time a uniform technique was introduced.) A certain similarity also is seen as to the nature of the clientele studied, which in general was adult.
Methods
In table 2, a survey is given of the rCBF techniques used at the different centers. There are two main techniques for the carotid puncture: either the puncture is carried out with a needle and a polyethylene tube, or a Teflon catheter is introduced with the aid of a soft metal guide wire into the internal carotid artery. At other centers just a steel needle was used, which was either mounted by direct puncture into the internal carotid artery (CI) or introduced from the common 
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*Intra-arterial carotid (CC) into the internal carotid artery by means of a short soft metal guide wire. At about one-half of the centers, the rCBF studies were combined with cerebral angiography, while at seven centers this was never, or only occasionally, the case. It should be pointed out that a great variety of premedication was used, but that Atropine was found to be of value at most centers. General anesthesia was used not only in 660 children but also in adults (Glasgow, Scotland; Leeds, England; Mainz, West Germany; and Rochester, Minnesota). Table 2 cannot do justice to all the additional procedures carried out in conjunction with the rCBF measurements. It is seen, however, that in most laboratories jugular punctures for sampling of cerebral venous blood were made. In addition, so-called lood pressure, or the use of psychological testing, were carried out. Only two centers worked with gamma cameras, while the rest used multidetector equipment.
In table 3 the complications reported from the 18 centers are summarized. There were only three fatalities reported, of which one was not related to the rCBF study. Of the two remaining cases, one elderly patient suffered from a brain tumor and was in a bad clinical state. This patient died some hours following the rCBF procedure. Autopsy showed occlusion of several cerebral vessels. The other patient was studied because of an occlusion of the middle cerebral artery. During the rCBF measurement she suffered a coronary infarction following infusion of a small dose of aramine. The patient died one week later.
There were seven patients with permanent sequelae; in all cases this consisted of a hemiparesis. No 
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details of the type of patients involved in this group are available except in one case, a man with an occluded carotid artery on one side which was unknown to the clinician in charge. During carotid puncture on the other side, a subintimal injection was made and the patient developed a hemiparesis. Transitory complications were seen in 43 patients (note that only a percentage number of complications was given from one center), in the majority consisting of exacerbations of previously existing focal neurological symptoms, or in the form of transitory ischemic attacks usually with hemiparesis. In three cases epileptic attacks, probably due to an intra-arterial (i.a.) injection of the local anesthetic, were recorded. All the transitory complications showed complete remission.
The figures given in table 3, i.e., a total of 52 complications, correspond to an overall complication rate of 1.3%. The complication rate for transitory complications was 1.1%, and for permanent sequelae 0.2%; the mortality was 0.05%. The figures given compare very favorably with those reported by several groups which investigated the complication rate during and following cerebral angiography.
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Discussion
The low rate of complication with the 133 Xenon intra-arterial injection technique, which is shown by the present survey from 18 centers, in fact is not so surprising. The rCBF method was developed on the basis of current techniques for carotid angiography, and the majority of the physicians who have carried out rCBF studies have had a great deal of experience with this procedure. At many centers, furthermore, the rCBF studies always are carried out jointly with cerebral angiography. Thus, during the rCBF studies rigid observance is paid to fundamental rules during puncture of arteries leading to the brain. This includes avoidance of air embolism and especially of clotting in the needle or catheter which is kept constantly empty of blood during the whole procedure by heparin saline infusion. Also, care is taken to keep the injury to the arterial wall to a minimum and always to abstain from injection when a completely free flow is not at hand.
The material does not permit an analysis of which of the complications reported were caused by the rCBF measurements per se and which could have been due to the simultaneous cerebral angiography-or indeed to the combination. However, concerning single rCBF studies (without angiography), in this context it may be stressed that they should carry less risks than carotid angiographies. First, the inert and harmless small amount of isotope is injected in only a few milliliters (usually 2 to 5 ml) of physiological saline. Second, the injection is usually carried out with a low pressure. Third, thinner needles can be used, a fact which may minimize the vessel trauma. These factors together with the absence of hypertonic contrast solution 664 appear mainly to explain the low complication rate found.
It does not seem warranted from the material presented to conclude whether one technique for the carotid puncture carries fewer risks for complications than others. At the centers where only needles were used, the diameter of the needle was usually smaller (0.8 to 1.1 mm) than that of common angiography needles. There are spokesmen both for the needle and for the catheter techniques. In general, in skilled hands both forms appear to function well and have shown low rates of complication. One advantage of the catheter technique is that it hurts less during a long-lasting study. Preference is generally in favor of stiff catheters made of Teflon, which may cause less thrombi than polyethylene. 12 However, it is an open question whether clotting on the outer side of the catheters is more frequent than on the polished surface of a steel needle.
In general, the impression has been gained from the groups which have reported to us that prolonged studies (lasting more than one hour) in elderly patients already suffering from intracranial disease should be avoided. Activation procedures, like carbon dioxide inhalation and blood pressure increases, may cause a further increase of an already high intracranial pressure in patients with brain tumors and cerebrovascular disease, and this may add to the risks of the rCBF procedure. Contrariwise, in young patients not suffering from intracranial or vascular diseases the complication rate in general appears to be very low, almost nil, provided the carotid puncture is carried out carefully and the whole rCBF procedure does not last more than one hour.
In summary, the following recommendations can be made to keep cerebral complications during rCBF studies as infrequent as possible:
1. Preferably one person, well experienced in carotid punctures, should be responsible for the rCBF studies as a whole.
2. Blood pressure reactions during the carotid puncture, as a rule, can be avoided if Atropine is used as premedication. Phenobarbital (0.2 mg) or Valium (5 to 10 mg I.V.) has been found of good use for sedation, and these drugs affect only the wakefulness of the patient in a limited fashion; the systemic circulation and respiration also remain by and large uninfluenced.
3. A good local anesthesia diminishes the discomfort of the patient during the carotid puncture and this may decrease the risks for cerebral vasospasm.
4. Especially in elderly patients, the puncture should be made either 2 cm above or 2 cm below the 
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carotid bifurcation in order to avoid passage of the needle through atheromatous plaques.
5. It appears to be a good rule to diminish the size of the "foreign body" inside the vessel during the rCBF procedure. This can be obtained by puncturing the internal carotid artery directly with a fine needle. At some centers one puncture per isotope injection was made, and once the injection was carried out the needle was withdrawn. If a catheter is used, it should be as short as possible and preferably made of Teflon.
6. The needle, or catheter, must be kept absolutely free of blood during the procedure, either by occasional heparin saline flushings, or by a slow continuous infusion. The stopcocks used must be absolutely tight in order to avoid backflow which may favor clotting.
7. During the isotope injection a low injection pressure should be used in order to avoid possible subintimal injections.
8. The duration of the study should be kept to a minimum, preferably not more than one hour, unless special studies are required.
9. Bilateral studies should not be carried out on the same day.
10. Special care should be taken during rCBF measurements in patients with severe intracranial hypertension. In such patients, activation procedures with carbon dioxide and blood pressure variations should be kept to a minimum.
